American sugar beet farmers produce half of our domestic refined sugar valued at over $3 billion per year (APHIS, 2010) . The U.S. District Court for the Northern District of California (CA District Court) will soon determine whether U.S. farmers can continue to grow genetically modified (GM) sugar beet (Beta vulgaris ssp vulgaris var altissima) in the case of Center for Food Safety v. Vilsack (CFS v. Vilsack) . The CA District Court is grappling with imposing an ambiguous and evolving legal standard on a scientific question of gene flow risks. It will analyze the likelihood of crosspollination between genetically modified sugar beet and organic Swiss chard or table beet seed crops and determine whether this constitutes irreparable harm. The U.S. Supreme Court is also interested in biotechnology law this term and may overturn precedent that would normally guide the CA District Court. Here, we review the legal and scientific background of this issue and argue that the CA District Court should consider the scientific as well as the legal factors of this case and impose sensible geographic restrictions that will preserve coexistence among production methods.
LEGAL HISTORY
In 2005, after preparing a concise environmental assessment under the National Environmental Policy Act (NEPA), the USDA Animal and Plant Health Inspection Service (APHIS) unconditionally approved genetically modified glyphosate-tolerant sugar beet and found no significant environmental impact (USDA/APHIS, 2005). U.S. farmers embraced Roundup Ready sugar beet (RR sugar beet) for its superior weed control and planted 95% of U.S. acreage in RR sugar beet by (APHIS, 2010 (Figure 1 ). In particular, he judged that APHIS failed to take into account that transgenic pollen flow would deprive conventional or organic seed farmers of their choice not to grow GM crops and consumers of their choice not to consume GM foods. While the CA District Court stated only one basis for finding a NEPA violation, Judge White also articulated in detail the potential for introgression of the glyphosate resistance gene into wild and hybrid weed beet species in the Imperial Valley, CA.
In the second phase of this two-part decision, the CA District Court will hear oral arguments on July 9, 2010 to determine whether a permanent injunction should issue to halt all or a portion of RR sugar beet seed and root production pending preparation of the EIS. Monsanto Company, Betaseed, Syngenta Seeds, SES Vanderhave USA, and their allies in the sugar processing industry intervened in this second phase in defense of RR sugar beet production. The outcome of the injunction motion will have nationwide ramifications.
The (Monsanto v. Geertson) , and the decision is pending. Therefore, the future of RR sugar beet and RR alfalfa is uncertain.
ENVIRONMENTAL RISK AND BENEFIT OF RR SUGAR BEET CULTIVATION
Minnesota, Idaho, North Dakota, and Michigan together produced 82%, and California 3%, of the nation's sugar beet crop in 2009 ( Figure 1 ; http://usda.mannlib.cornell. edu/usda/current/CropProdSu/CropProdSu-01-12-2010.pdf). Sugar beet plants are biennial. In its first year, a sugar beet produces a rosette of leaves and a large storage root containing sucrose. During its second year, the sugar beet will flower if exposed to vernalizing temperatures and lengthening photoperiod (Milford, 2006) . Excluding California, the U.S. crop is planted in the spring and the roots are harvested in late fall. During production, <0.01% of plants flower and the plants do not survive winter (APHIS, 2010) . Farmers growing RR sugar beet contractually agree to remove any flowering plants in the year of production. Sugar beet plants are more likely to flower in California than in Midwestern and Pacific northwestern root production states (Monsanto, 2003) . California farmers plant sugar beet as a winter crop, and it may receive sufficient vernalization to flower. However, California farmers routinely cut the 1.5-m flowering stalk to prevent yield loss because it competes with the root for sucrose allocations and interferes with harvest. In contrast with root production, the vast majority of seed production of RR sugar beet takes place on 3000 to 5000 acres in the Willamette Valley, OR. The seed crop is planted in the fall, vernalized during the moderate winter, and allowed to flower the following year. Sugar beet seed crops share the Willamette Valley with closely related specialty seed crops such as Swiss chard and table beet. Most table beet and Swiss chard seed crops are grown in Washington and California. Therefore, gene flow among these three sexually compatible crops is a cause for environmental concern only in the Willamette Valley.
Weed pressure can significantly limit sugar beet root production (USDA/APHIS, 2005). In fields of conventional sugar beet, weeds typically are partially controlled with micro rate applications of several herbicides (May and Wilson, 2006) . Satisfactory weed control often is elusive, and farmers typically supplement their herbicide use with cultivations and manual weed removal. The 2008 survey of Minnesota and North Dakota sugar beet weed control practices showed that RR sugar beet with glyphosate resulted in the highest weed control ratings in the history of the survey and also nearly eliminated mechanical and manual weeding (http://www.sbreb.org/ research/weed/weed08/surveyweedcontrol. pdf). The survey also showed that postemergence herbicide use was at its lowest level since 1991. In addition to limiting herbicide use, RR sugar beet cultivation may reduce energy use and ecotoxicity (Bennett et al., 2004) . The use of RR sugar beet may also lead to the adoption of more Asterisks and diamonds denote county distribution of the wild beet species B. macrocarpa and B. vulgaris ssp maritima, respectively. The Willamette Valley, Oregon, is also shown. B. vulgaris ssp maritima also occurs in New Jersey, a non-sugar beet-producing state (data not shown). Adapted from USDA-NASS (http://www.nass.usda.gov/Charts_and_Maps/Crops_County/pdf/SU-HA08-RGBChor.pdf) and from http://www.oregon.gov/ODA/regions.shtml. One hectare = 2.471 acres. sustainable cultivation practices, including mulch systems, winter cover crops, and strip tilling (May, 2003; Petersen and Rö ver, 2005; Overstreet, 2009 ). Strip tillage is now more feasible because farmers do not need to cultivate to control weeds in RR sugar beet fields. Using glyphosate-tolerant (GT) crops increases the probability for development of resistant weeds (Duke and Powles, 2009) . If farmers were to plant two or three successive Roundup Ready crops (such as sugar beet, maize, and soybeans), this would further increase selection pressure for such weeds. Maintaining diversity in crop rotation (GT and non-GT crops) coupled with the use of herbicides with different modes of action is an important factor in lessening this risk (Duke and Powles, 2009 ). (OECD, 2001) and are predominantly wind-pollinated. The presence of wild beet species such as B. macrocarpa and B. vulgaris ssp maritima in close proximity to RR sugar beet poses concerns over transfer of the glyphosate resistance gene. Given the similarity in herbicide sensitivity, the presence of a glyphosate-resistant weed beet would be problematic to control. Numerous sugar beet pollen flow studies have been published with varied methodology and plant material. Wild beet species and hybrid weed beet are a serious problem in sugar beet production fields in western Europe (Boudry et al., 1993) . Hybrid weed beet differs from cultivated sugar beet in that it displays an annual life cycle that does not require vernalization. It appears to be the result of wild beet species such as Beta vulgaris ssp maritima pollinating cultivated male-sterile female sugar beet plants in seed production areas in Europe (Boudry et al., 1993) . Gene flow has been documented from GM sugar beet to hybrid weed beet in European fields at distances of 112 m (Darmency et al., 2007) and 200 m (Alibert et al., 2005) . Since gene flow between weed beet populations has been documented up to 9.6 km (Fé nart et al., 2007) , the potential exists for the creation of glyphosate-resistant weed beet (Darmency et al., 2007) . Sugar beet pollen was detected 1097 m from fields (Dark, 1971) and at an altitude of 1524 m (Meier and Artschwager, 1938) . Outcrossing between GM sugar beet and conventional male sterile sugar beet plants occurred at distances up to 1000 m (Alibert et al., 2005) .
RISK OF GENE FLOW TO CULTIVATED AND WEEDY RELATIVES
B. vulgaris ssp maritima and B. macrocarpa have been introduced into California, and B. macrocarpa is present in the Imperial Valley of California, an area of sugar beet root production (Figure 1 (Bartsch and Ellstrand, 1999) . Transmission of the glyphosate resistance gene into B. macrocarpa is possible if RR sugar beet is planted in the Imperial Valley because winter planted sugar beet is more likely to be vernalized and to flower. Introgression into B. vulgaris ssp maritima is less of a concern in other parts of California because its distribution is outside sugar beet production areas. If glyphosateresistant B. macrocarpa becomes a reality and invades sugar beet fields, it would be a significant problem in production. RR sugar beet has not been grown in the Imperial Valley to date, but limited cultivar selection of RR sugar beet may be the predominant reason for California growers to abstain from its use, rather than concern over the potential transfer of glyphosate resistance to weedy relatives. The sugar beet industry in California is in decline, especially since the closure of seven out of eight sugar beet processing plants since 1992 (http://www.sugarpub.com/event/ article/id/53/).
In contrast with California, the rest of the U.S. does not face significant gene flow risks since flowering does not regularly occur in these areas. Furthermore, the distribution of B. vulgaris ssp maritima (www. eFloras.org) is limited to California and New Jersey (a non-sugar beet-producing state). B. macrocarpa does not occur outside of California (www.plants.usda.gov). It is possible that isolated hybrid weed beet populations exist outside California because sugar beet seed has been imported from European production areas in the past. However, they currently are not a problem and have not been documented. Thus, Midwestern and northwestern production and seed areas do not face the same risk of gene flow as does California or Europe.
Gene flow may occur from RR sugar beet to conventional and organic Swiss chard or table beet seed crops grown in the Willamette Valley, OR. Organic growers contend that cross-pollination may render seed unmarketable due to the zero or low tolerance for transgenic contamination. Furthermore, transgenic contamination may deprive organic consumers of their choice to consume nongenetically modified vegetables. However, production practices are already in place to limit gene flow among adjacent related crops. The Oregon Seed Certification standard isolation distance requires a minimum 2438 m isolation distance between sugar beet crops and Swiss chard or table beet (http: //seedcert.oregonstate.edu/sites/default/ files/standards/sugar-beets-standards.pdf). A seed industry-established organization, Willamette Valley Specialty Seed Association (WVSSA), decided that the Oregon Seed Certification standards were not adequate and now requires an isolation distance of 4828 m between RR sugar beet and Swiss chard or table beet (http://www. thewvssa.org/documents/WVSSA_Isolation_ Guidelines.pdf). Although membership is voluntary, all Willamette Valley commercial specialty seed producers are members of the WVSSA and as such are obligated to comply with the specified isolation distances (Dahmer, 2008) . Betaseed exceeds the 4828 m isolation distance by requiring a 6437 m isolation distance (Dahmer, 2008) , and other companies may also voluntarily follow this isolation distance. The sugar beet seed industry understands the necessity for distance between related crops; therefore, court-mandated isolation distances may be an effective tool for preventing gene flow.
A requirement for isolation distances is based on the assumption that the glyphosate tolerance trait is carried in the pollen. However, the intervention of SESVanderhave USA, a sugar beet seed producer, in the second phase of CFS v. Vilsack highlights technologies that may limit inadvertent cross-pollination between sexually compatible crops. SESVanderHave and other seed companies produce RR sugar beet seed using conventional male pollinators that do not carry the glyphosate tolerance gene. Instead, the hybrid inherits glyphosate tolerance from the male-sterile female line from which seed is harvested. Thus, the risk of gene flow via pollen to conventional and organic crops is minimized; however, there is the possibility that an occasional female plant is not male sterile and gene flow could occur through seed escape. Recent court documents allege that 78% of the RR sugar beet crop is produced using conventional male pollinators. It is important that the CA District Court assess this method of seed production when weighing risk and benefit from RR sugar beet production. This decision halted automatically imposed injunctions in NEPA violation cases and was openly critical of the Ninth Circuit's approach to injunctions. The Ninth Circuit is the appellate court that reviews the decisions of the Northern District of California.
In Winter v. NRDC, Plaintiffs NRDC and Jean Michael Cousteau challenged the U.S. Navy's use of sonar in detecting submarines during training exercises. Plaintiffs alleged that the Navy's use of sonar would harm beaked whales and other marine mammals and that the Navy should have prepared an EIS instead of an environmental assessment under NEPA. The lower court entered a preliminary injunction ordering the Navy to shut down its sonar when it detected a marine mammal. The Navy appealed these restrictions. The Ninth Circuit upheld the lower court's injunction in its entirety on the basis that an injunction may be ordered based on evidence showing the "possibility" of irreparable harm. In reversing the Ninth Circuit, the U.S. Supreme Court ruled that an injunction is an extraordinary remedy that cannot be based upon the mere "possibility" of irreparable harm. Instead, a plaintiff requesting an injunction must demonstrate a "likelihood" of suffering irreparable harm. In addition, the lower court must weigh the respective environmental and economic burdens to the parties and consider whether the injunction is in the public's interest. Winter v. NRDC has broad relevance beyond its narrow set of facts, and a ripple effect has swept the country as lower courts have rushed to articulate the correct standard in injunctive proceedings. Dozens of federal cases (Narodick, 2009) have cited the clarified standard for all types of federal injunctions, including the Ninth Circuit in Geertson v. Johanns on RR alfalfa.
Geertson v. Johanns might have had great precedential value for CFS v. Vilsack because it involved similar legal questions regarding RR alfalfa in the CA District Court. However, RR alfalfa's fate is uncertain due to the U.S. Supreme Court's decision to review the scope of the permanent injunction in Monsanto v. Geertson in 2010. The issues raised by Monsanto on appeal are whether the Ninth Circuit erred in (1) presuming irreparable harm as opposed to requiring plaintiffs to prove a likelihood of irreparable harm; (2) upholding the CA District Court's decision to enter a broad permanent injunction without requiring an evidentiary hearing; and (3) upholding the CA District Court's injunction that was entered prior to Winter v. NRDC and thus was based on the possibility as opposed to the likelihood of irreparable harm. The Supreme Court heard oral arguments on April 27, 2010 and a decision is expected soon. Considering that the Supreme Court overturned four Ninth Circuit environmental cases during the last term, one may suspect that the Ninth Circuit's decision in Geertson v. Johanns may not be affirmed in its entirety.
It would be valuable if the Supreme Court in Monsanto v. Geertson defined "irreparable harm" in the biotechnology context because the phrase is fraught with ambiguity. What is the likelihood of irreparable harm in CFS v. Vilsack? The Ninth Circuit in Geertson v. Johanns in 2009 defined irreparable harm as any amount of transgenic cross-pollination of neighboring organic or conventional crops. The amount and probability of cross-pollination was irrelevant, and there was no tolerance for low levels of cross-pollination. Unfortunately, legal precedent has not defined "likelihood of irreparable harm" in scientific terms. All that is known is that the harm must not be speculative or improbable. Irreparable harm in this context might be defined by a likelihood of significant gene flow to wild species. Irreparable harm may also be defined as the likelihood of exceeding a low-level threshold for GMO material in organic crops. The threshold would need to balance a consumer's preference to consume predominantly organic food with the needs of RR sugar beet growers.
CONCLUSIONS AND APPROPRIATE INJUNCTIVE REMEDIES
The Plaintiffs in CFS v. Vilsack have moved for a permanent injunction banning the further planting, cultivation, or processing of RR sugar beet or its seed. Our opinion is that such a broad injunction is not justified based upon the distribution and biology of Beta species and upon Supreme Court precedent. The CA District Court must determine the likelihood of irreparable harm in assessing gene flow risks and not summarily presume harm solely based on a NEPA violation. Furthermore, the equitable nature of injunctions and the public interest requirement necessitate a balancing act by the CA District Court. The rights of organic farmers and consumers should not be ignored, but neither should the judicial system ignore the economic burden to farmers that have adopted RR sugar beet technology.
The CA District Court should evaluate the likelihood of irreparable harm and issue a tailored permanent injunction permitting the continued production of RR sugar beet crops subject to two geographic restrictions that greatly lessen the risk to organic and conventional Swiss chard and table beet industries. The first restriction should preserve coexistence between Swiss chard/table beet and RR sugar beet seed industries by mandating scientifically based isolation distances in the Willamette Valley, OR. Without sufficient isolation distances, the likelihood of irreparable harm or hybridization between adjacent crops is high. However, no study has confirmed cross-pollination from conventional or genetically modified sugar beet at a distance of 6437 m, the isolation distance voluntarily adopted by the RR sugar beet industry. Furthermore, the majority of the RR sugar beet industry produces seed in which the Roundup Ready gene is inherited through the male-sterile female plant, which further reduces the risk of gene flow through pollen drift. In light of the Supreme Court standard in Winter v. NRDC, the likelihood of irreparable harm becomes speculative and would seem no longer significant beyond this isolation distance. APHIS also supports this isolation distance (APHIS, 2010). Therefore, with strong stewardship guidelines for field sanitation once the seed crop has been harvested, risk can be minimized.
The second geographic restriction should address the possibility of gene flow in the Imperial Valley, California, and any other California counties where sugar beet production coincides with wild beet distribution. To prevent the introgression of the glyphosate resistance gene into wild species, it is necessary to ban the planting of RR sugar beet in southern California. This restriction will pose minimal hardship because California sugar beet farmers have refrained from growing RR sugar beet to date. However, there is the potential for California farmers to adopt Roundup Ready technology while the EIS is prepared. This restriction would prevent this possibility.
With these two geographic restrictions in place, the CA District Court could permit the continued planting of RR sugar beet in root production areas outside California. There is negligible likelihood of irreparable harm in the sugar bowl states of the U.S. (Figure 1 ). Sugar beet is harvested in the first year and flowering is minimal. This is not like RR alfalfa hay production where the plant routinely flowers in the first year if the hay is not harvested on time. Root production areas are distant from seed production in the Willamette Valley, OR, and wild beet species are limited to California and New Jersey.
For future cases, it is worth considering that APHIS could have prevented this litigation. As the Ninth Circuit stated in Geertson v. Johanns in 2009, APHIS has the authority to impose a few well-analyzed geographical restrictions on crops before deregulating them for commercial production. Federal agencies routinely avoid the time and cost of preparing an EIS by recognizing what constitutes the environmental threshold that requires an EIS and implementing mitigation factors that bring an agency project or decision below the threshold (Karkkainen, 2002) . APHIS could have recognized that its initial deregulatory decision failed to analyze the impact on the organic Swiss chard and table beet seed industry in Oregon. The CA District Court should consider the scientific and legal factors of this case and impose sensible geographic restrictions that will preserve coexistence between farming industries.
